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- What makes-a laller app?
@zenty‘“ c Relevance
“Scale -
Complexny
Benef t to Other Apps

- Anthony Mezz_a'cappé (ORNL), SOS?, Durango, CoI_Qf'ad‘_o, March 5th, 2003



Two Classes of Supernovae‘ - | Explosions of
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E.G.: Neutrino signal can tell us ;lfbout'high densi'ty composition.
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= 3D, multifrequency, multiangle precision radiation transport. g

= Nuclear science (nuclear structure, ...). j

I:1>Algom‘hms for large sparse linear system solutton. :

= Data management. - -
|=I>Nel‘workmg =" ) ._
= Data analysis. | : : T
= Visualization. . . o

= Software engineering™

-



What.will it take?

® TeralPeta-ScaIe 3D, General Relativistic, Radiation Magnetohydrodynamlcs
® State of the Art Nuclear and Weak Interaction Physics -

“Infrastructure” Needs: Transport

. ® Tera- and Peta-Scale Sparse Linear Systems of Equatlons :‘Ea

“Infrastructure” Needs: Hydrodynamics
® 1Gb/Write, 1-10 Tb/Variable/Simulation!
< Manage?
- " Analyze?
.2 Render?

“Infrastructure” Needs: Weak Interactions
® TeraScale Nuclear “Structure” Computation
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e Core Collapse Paradigm

Presupernova Structure

representative of a 15 M, star
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Anatomy of a Supernova

Neutrino Direction
f Cosines

v-Luminosity Q.
l —»  Matter Flow / Flux
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~ - Equations We Solve

Dominant Computation: _
Nonlinear, integro-partial differential equations for the radiation distribution functions.
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‘ Large Sparse Linear System Solution

e : £ . ;
O, & g 20 ) Boltzmann Nonlinear Algebraic Equations

18[(1 — p)F) Equation ¥* Linearize

v B | Nonlinear %* Solve via Multi-D Newton-Raphson Method
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Impli¢it Time Differencing
*Extreniely Short Neutrino-Matter
Coupling Time Scales
~ % Neutrino-Matter Equilibration
% Neutrino Transport Time Scales
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Supernova Simulation Timeline
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Whén Micto ‘and-'Macr'o,WorIds eet..

‘b Core Collapse and Explosion
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= Size of i inner core * - 4 depends on total electron capture during coIIapse
Sets location of shock formation and |n|t|al shock energy.

:>Nuc-lear electron.capture rates depend on “ ” of nuclei in stellar core.



The "space” in which we live...
S Gravitational Waves

-

= Core collapse supernovae are among the
anticipated sources. -
=LIGO, would “see™:a Galactic supernova.
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LIGO Interferometers

Power Recycled end test mass

4 km (2 km) Fabry-Perot .- : -
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‘ Supernova Data

3D Hvdrodvnamlcs Run Al 5.1
=5 Variables (Density, Entropy, Three Fluid Velocities) [ Luf"
: =1024 X 1024 X 1024 Cartesian Grid RS, S
- 1000 Time Steps

i -» 20 Terabyte Dataset
~“The flea on the tailon the dog.;.”

- -
. - -

Multidimensional-Neutrino Data

1/ (x.0.z, s b, E) Comp03|t|<;n : e

R/ (x Y, Z, E) ' Query the composition of a fluid element
4 (x,y,2,E) ~ Much of what we know 4‘@’&{
4 ( E) about supernovae comes = Sy ‘*“
ZANLY5 ) from light emitted from R
Ev ( X, ¥, Z, E) ,eje‘cted atoms. : 3 - § _
“oDataset Sizel -« | : _ i e BT 'b

= Custom Representations



Driving developments in..._
Samatova et al, (2002) ; Data Reduction
R et Order of magnitude reductlon using PCA techniques.
Data Analysis
' Raw Data
- Feature Extraction
" Vortices, ... -
Feature-based visualization. §
Dimensional Compression
Integration of Data Analysis and Vtsualtzatlon (ASPECT)
Agent T, echnology

-@

Reed, Potok (2002)




...and networklng and .Vlsuallzatlon (local remote, collaborative)...

“Off-the-Shelf” Technologles o
=EnSight
=>TSB

:  SParaView

Custom Visualization (VTK)_
o s = = % ®Custom Representations
. 3 3 | " ~ =Custom Functionality

-

Working with Logistical Networking and ORNL nétworking groups to sigi;iﬁca'ntly improve our data
transfer rates between TSI “nodes” for local, remote, and collaborative visualization.-

ORNL-NCSU Testbed- i e



We are-trying to understand our place in the Universe. R

: We must ultimately compute af the PetaScale.

S
We must worry about =

3D ydrodynamics (esp. fluid instabilities, rotation),
3D multifrequency, multiangle radiation transport,
magnetlc fields,

- -
“as well as-the structure of nuclei. - =

We rely on developments in . - k.

discretizations of radiation transport, . e

linear algebra,
data management,
~ data analysis,
networking,
visualization,
performance optimization, -

- and software engineering (esp. mdtatzon hydr"odynamlcs)



